Exposure to chronic high glucose induces beta-cell apoptosis through decreased interaction of glucokinase with mitochondria: downregulation of glucokinase in pancreatic beta-cells.
Chronic hyperglycemia is toxic to pancreatic beta-cells, impairing cellular functioning as observed in type 2 diabetes; however, the mechanism underlying beta-cell dysfunction and the resulting apoptosis via glucose toxicity are not fully characterized. Here, using MIN6N8 cells, a mouse pancreatic beta-cell line, we show that chronic exposure to high glucose increases cell death mediated by Bax oligomerization, cytochrome C release, and caspase-3 activation. During apoptosis, glucokinase (GCK) expression decreases in high-glucose-treated cells, concomitant with a decrease in cellular ATP production and insulin secretion. Moreover, exposure to a chronically high dose of glucose decreases interactions between GCK and mitochondria with an increase in Bax binding to mitochondria and cytochrome C release. These events are prevented by GCK overexpression, and phosphorylation of proapoptotic Bad proteins in GCK-overexpressing cells is prolonged compared with Neo-transfected cells. Similar results are obtained using primary islet cells. Collectively, these data demonstrate that beta-cell apoptosis from exposure to chronic high glucose occurs in relation to lowered GCK expression and reduced association with mitochondria. Our results show that this may be one mechanism by which glucose is toxic to beta-cells and suggests a novel approach to prevent and treat diabetes by manipulating Bax- and GCK-controlled signaling to promote apoptosis or proliferation.